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Abstract. In the paper is presented a technological scheme of the breakage phase for a wheat 
mill with capacity of 200 t / 24 h and the results of the research experimental regarding the features of 
the grindings before and after passing through the mills with rollers. 
Researches have been making in SC Spicul SA equipped with the modern equipment like 
Bühler type. Ground material and grind product was analyzed with a sieve shaker for determine the 
degree of grinding. Determinations were made of specific mass and materials density to establish the 
growth of the area in the grind process. 
The paper presents graphs regarding to separation on the sieves of the sieve shaker for the five 
roller mills, for the breakage phase, results by regression analysis of the experimental data obtained 
with relationships Rosin-Rammler and respectively Schuhman and the coefficients determined by this 
analysis. Also, are presented the correlation coefficients of R2, which have values in the limits 
R2≥0.980 for equation Rosin-Rammler and R2≥0.945 for equation Schuhman. The results presented in 
the paper are important to specialists in the milling industry. 
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INTRODUCTION 
 
Because of complex mechanical action of several forces (compressive, shearing, 
crushing, cutting, friction and collision), which are subject, the cereal grain and particles 
resulting from it are small. Equipment in which is reduction are the mills of various types: 
with rollers, with hammers, stones, ball etc. To overcome the mechanical resistance of 
material particles produces a division of them into smaller particles of various sizes, 
geometric shapes, masses and volumes (Voicu and Căsăndroiu, 1995). 
In units of milling, the wheat goes through several technological phases, starting from 
coarse reduction of seeds and intermediate products of grinding to their fine reduction of 
their, of almost close. The principal technological phase of the reduction process is the groats 
phase or coarse reduction, where to obtain the semolina and dunsts that the reductions still a 
grinder, to obtain high quality flour. 
The average size of the particles fraction resulting by grinding is determined in the 
laboratory, through grading analysis by using the sieve shaker. Distribution by size of fraction 
results can be assessed by various mathematical functions, most of which used in such cases, 
is the Rosin-Rammler function, but there are other functions that it considers appropriate to 
this distribution (Crăescu and Golcea, 1998, Căsăndroiu and al., 2002, Voicu and al, 2003). 
The paper presents technological phase diagram of the groats from the Spicul SA 
Bucharest mill, with a capacity of 220 t / 24 h, and the results obtained in experiments on the 
particle size distribution of fractions obtained from the five stones spindle. It presents, also the 
average size of resulting fractions and the mass density and the bulk density of them, 
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determined by laboratory tests after taking evidence from the flow of mill technology 
(Tutuianu and al., 2000, Căsăndroiu and al., 2002). 
 
MATERIALS AND METHODS 
 
In the technological phase of groats is fragmentation of wheat seeds in particles of 
different sizes and deployment of endosperm by covering. The resulting particles from the 
groats steps vary in size from the largest gap of half seeds to the flour particles with very fine 
grain. As the repetition of reduction are obtained particles increasingly smaller amount of 
white flour decreases and covering seeds reaching to the penultimate and last step in the state 
of fine powder (Voicu, 1995). 
Groats is the intermediate product obtained in the milling industry, by reduction of 
grain mills with roller mills, which are equipped with rollers grinding with the grooved 
surface. Technological passage includes one or more pairs of grinding rollers, which 
processes the same product, in combination, generally with a compartment of plane sifter to 
divide the fractions (Voicu, 1995, Tutuianu and al., 2000, Voicu, 2003). In fig.1 is presented 
the technological phase of groats of wheat to the unit of milling Spicul Bucharest. Milling unit 
has 18 roller mills (first two small seed), two-plane site (six, and eight departments), six-
semolina purifier and 5 finisher of bran. 
In technological phase of groats are six simple mills with grooved cylinders, four 
whole compartments and two half compartments of plane sifter and four finisher of bran 
which process the covering results in multiple reduction flux. The seeds are processed in a 
double mill with two doubles pairs of grinding rollers in the horizontal plane, denoted by B1 - 
B2. The first groats obtained processed in the passage B3, and from this, the fractions 
obtained here are different routes. These routs can be on grinding passages, on semolina 
machines, on the bran finisher, B4gr and B5f passages processing the material particle with 
high content of covering, while the B4f passage process second refusal from the B3 passage 
of groats, with fractions with the same features processed in the compartments of plane sifter. 
Refusals from the second and third package of the B1-B2 passage are consist of large and 
medium semolina and this are sent to the semolina machines for cleaning. Refusal of the last 
package of frames of the first passage is also small semolina and sent to the semolina machine 
S4, while the strained of this package sent to the plane sifter for a division on fractions 
(Div.1). Development of the groats phase is in direct connection with the type of the grinding 
and extraction ratio of flour. Products resulting from the groats passages are generic named 
intermediate products and are made of great high groats, small groats, high semolina, medium 
semolina, small semolina, grueling dunst, fine dunst, flour and bran (Voicu, 1995). 
Semolina is an intermediate product obtained in the proportion of 25 ... 30% in 
industrial processing of wheat, in the form of small granules, and which after cleaning milled 
to obtain flour and food, called “semolina kitchen”. This is achieved in the proportion of 2 ... 
3% of wheat to the milling and is cleaned in special semolina machines to remove particles of 
covering through the combined action of sifting and of air currents. The dunst is a fine 
semolina result as the intermediate product to reduction seeds or semolina. 
In the experimental determinations have been determined some constructive and 
functional parameters of the roller mills, either the technical book, or directly from the 
technological flux, presents on the technological scheme of Fig.1 and Tab. 1. 
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Fig.1. Scheme of the technological groats phase of the mill Bühler type with the capacity of 220 t / 24 h 
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Tab. 1 
Functional characteristics of the mills with rollers from the groats phase, to the mill Spicul  
 
Passage Engine power, kW / Ampere rating, A 
Speed CM 
fast, rot/min 
Report speeds 
CMR / CML 
Distance 
between rollers, 
mm 
Indication of 
ammeter in 
operation, A 
B1 30 / 55 617 2.54 2 – 2.2 40 
B2 22 / 41 615 2.54 1.14 – 1.17 28 
B3 15 / 30 612 2.54 1.2 – 1.4 23 
B4gr 15 / 30 612 1.50 1.15 – 1.3 23 
B4f 15 / 30 612 1.50 0.43 –0.47 18 
B5f 11 / 24 609 1.50 0.5 – 0.53 12 
 
To determine the characteristics of material processed in the mills with rollers of 
groats phase of wheat, samples of material were extracted, such as entry and exit of the 
working zone of cylinder (about 200 ... 250 g for each sample ), at all pairs of grinding rollers. 
These samples were numbered after the passage of which is; samples with the material falling 
between a pair of grinding rollers noted with the index "i", and samples of material which 
comes between the pair of grinding cylinders noted with index "e". 
For size distribution analysis of small products used a sieve shaker VAPO with 5 
superimpose sites, in descending order of mesh, fixed in a block with an oscillating plane 
motion at a speed of 120 rpm, at a sifting time of 3 minutes using site with appropriate mesh 
for each material sample, depending on the passage from which it was taken. 
Other details on experimental methodology calculations are presented from Ţuţuianu 
and al, 2000, Căsăndroiu and al., 2002 Voicu and al., 2003. 
In Tab. 2 are presented the data obtained from experimentation, measured and 
calculated. Cumulative material percentages were calculated that passed through the mesh site 
of the sieve shaker (Tx) and those who remained on site (Rx), both for initial equipment and 
for the resulting grinding material, in a technological passage. 
Was calculated average particle size of material sample (fine groats), using the 
relationship: 
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where: pi is the percentage fraction (material collected on sieve i-1) in the sample; li - 
side dimension of a mesh sieve i.. 
 
RESULTS AND DISCUSSION 
 
With the results obtained in experiments (Tab.2) were drawn graph (Fig.2) 
experimental points for cumulative percentage of material remaining on the sieve of the order 
i, and the R (x), data were tested by regression analysis, in MicroCall Origin vers.7.0 
program, with the laws of size distribution Rosin -Rammler (eq.2), respectively Schuhman 
(eq.3), determining the coefficients and exponents of the regression of the equations, 
respectively the correlation coefficients values of R2, (Voicu and al., 2003): 
 
n
xbexR ⋅−⋅= 100)(
    (2) 
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Tab. 2 
Results of size distribution analysis of the intermediate grinding products for the first passages of the groats 
phase of a wheat e to Spicul SA mill 
 
Mills with grooved rollers B1 – B2 
intermediary (B1e ≡ B2i) 
ρv = 399 kg/m3 
 
ρs =1294 kg/m3 
 
SB2i = 2.52 m2/kg 
output (B2e) 
Sifter di p(%) T R Sifter  p T R 
ρv = 349 kg/m3 
ρs =1319 kg/m3 
SB2e = 4.26 m2/kg 
λ = 1.723 
0.00 0.36 19.30 0.00 100.00 0.00  50.90 0.00 100.00 
0.71 0.86 9.70 19.30 80.70 0.71  9.20 50.90 49.10 
1.00 1.20 13.20 29.00 71.00 1.00  12.60 60.10 39.90 
1.40 1.70 10.20 42.20 57.80 1.40  7.40 72.70 27.30 
2.00 2.40 25.50 52.40 47.60 2.00  14.30 80.10 19.90 
2.80 3.38 22.10 77.90 22.10 2.80  5.60 94.40 5.60 
Average diameter dmi 1.842  dme 1.068  
 
Mills with grooved rollers B3 
input B3i 
ρv = 216 kg/m3 
 
ρs =1265 kg/m3 
 
SB3i = 2.36 m2/kg 
output B3e 
Sifter  p T R Sifter  p T R 
ρv = 228 kg/m3 
ρs =1232 kg/m3 
SB3e = 3.89 m2/kg 
λ = 1.607 
0.00  2.80 0.00 100.00 0.00  31.70 0.00 100.00 
0.71  5.70 2.80 97.20 0.71  14.90 31.70 68.30 
1.00  25.70 8.50 91.50 1.00  21.40 46.60 53.40 
1.40  15.40 34.20 65.80 1.40  9.70 68.00 32.00 
2.00  32.50 49.60 50.40 2.00  16.60 77.70 22.30 
2.80  17.90 82.10 17.90 2.80  5.70 94.30 5.70 
Average diameter dmi 2.014  dme 1.253  
 
Mills with grooved rollers B4gr 
input B4gri 
ρv = 154 kg/m3 
 
ρs =1235 kg/m3 
 
SB4i = 2.52 m2/kg 
ieşire B4gre 
Sifter   p T R Sifter  p T R 
ρv = 188 kg/m3 
ρs =1184 kg/m3 
SB4e = 4.40 m2/kg 
λ = 1.666 
 
0.00   2.30 0.00 100.00 0.00  29.80 0.00 100.00 
0.71   4.80 2.30 97.70 0.71  18.20 29.80 70.20 
1.00   29.30 7.10 92.90 1.00  25.90 48.00 52.00 
1.40   17.20 36.40 63.60 1.40  9.10 73.90 26.10 
2.00   33.90 53.60 46.40 2.00  15.20 83.00 17.00 
2.80   12.50 87.50 12.50 2.80  1.80 98.20 1.80 
Average diameter dmi 1.929  dme 1.153  
 
Mills with grooved rollers B4f 
input B4fi 
ρv = 306 kg/m3 
 
ρs =1305 kg/m3 
 
SB4fi = 9.14 m2/kg 
output B4fe 
Sifter   p T R Sifter  p T R 
ρv = 293.5 kg/m3 
ρs =1286 kg/m3 
SB4fe = 12.38 m2/kg 
λ = 1.166 
 
0.000   6.30 0.00 100.00 0.000  19.10 0.00 100.00 
0.315   28.20 6.30 93.70 0.315  29.10 19.10 80.90 
0.500   30.10 34.50 65.50 0.500  26.70 48.20 51.80 
0.710   30.30 64.60 35.40 0.710  21.60 74.90 25.10 
1.000   4.90 94.90 5.10 1.000  3.30 96.50 3.50 
1.250   0.20 99.80 0.20 1.250  0.20 99.80 0.20 
Average diameter dmi 0.624  dme 0.535  
 
Mills with grooved rollers B5f 
input B5fi 
ρv = 244.5 kg/m3 
 
ρs =1251 kg/m3 
 
SB5fi = 9.13 m2/kg 
output B5fe 
Sifter   p T R Sifter  p T R 
ρv = 259 kg/m3 
ρs =1277 kg/m3 
SB5fe = 9.81m2/kg 
λ = 1.067 
 
0.000   6.20 0.00 100.00 0.000  8.30 0.00 100.00 
0.315   8.90 6.20 93.80 0.315  12.10 8.30 91.70 
0.400   13.70 15.10 84.90 0.400  16.20 20.40 79.60 
0.500   31.60 28.80 71.20 0.500  29.70 36.60 63.40 
0.710   31.20 60.40 39.60 0.710  27.00 66.30 33.70 
1.000   8.40 91.60 8.40 1.000  6.70 93.30 6.70 
Average diameter dmi 0.663  dme 0.621  
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where: R represents the cumulative percentage mass of particles with dimensions 
greater than the actual mesh size of site (cumulative refusals), x - size (side) of the mesh site 
taken into account, a - the size of the largest granules, for which R = 0(%), and b, n and k -
constant characteristic of the size distribution of granules. 
The curve of variation of the percentage of material left on site of the sieve shaker 
with the size of mash site (Fig. 2) has an exponential rate decreasing. Coefficients and 
exponents of relations (2) and (3) have constant values, which depend on the nature of the 
material and the finesse reduction, being determined based on experimental values obtained 
by non-linear regression analysis performed with the values presented in Tab 3. 
Tab. 3 
The values of coefficients of relationship Rosin-Rammler (2) and Schuhman (3) for cumulative refusals for 
grinding products, and correlation coefficients R2 
 
Type roller mill Sample Equation Rosin-Rammler (eq.2) Equation Schuhman (eq.3) b n R2 a k R2 
The roller mill from 
breakage phase 
B1e 2.233 1.378 0.989 3.675 0.965 0.994 
B2e 1.067 0.918 0.996 3.195 0.435 0.998 
B3i 0.138 2.434 0.982 3.115 1.663 0.973 
B3e 0.640 1.393 0.995 2.923 0.692 0.982 
B4gri 0.137 2.620 0.980 2.986 1.694 0.967 
B4gre 0.668 1.654 0.992 2.698 0.711 0.966 
B4fi 0.693 2.933 0.998 1.160 1.198 0.945 
B4fe 0.608 2.304 0.999 1.141 0.900 0.955 
B5fi 2.556 2.975 0.999 1.031 1.749 0.978 
B5fe 2.815 2.739 0.998 1.019 1.527 0.972 
  
 It found experimental than the Schuhman function is more valid for coarse grain 
materials subject to reduction and Rosin-Rammler function is often valid for relatively fine 
ground materials. 
After determining the equivalent average size of particles to the entry and exit from 
the reduction passage, was determined values by the λ reduction ratio, determined by the 
relationship: 
im
em
d
d
=λ    (4) 
where: dme, dmi are the equivalent size of values to the exit and entry into the mill 
with rollers. Through the volumetric method, using a laboratory glass to the 200 cm3 
graduated from 10 to 10 ml and an electronic balance with precision of 10-1 g, was determined 
the bulk density of material at the entrance and exit of each passage of grind. Further, the 
pycnometer method was determined material density before and after the grind, the results 
presented (for 3 of the five passages of the groats phase) on graphs of fig.2. Was calculated 
the specific area of material particles at the entrance and exit of the grind zone, with the 
relationship: 
ms
s d
S
ρ
6
=  (m2/kg)   (5) 
knowing the material density of the particles ρs(kg/m3) and the average size of this 
particles dm(m). 
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Fig. 2. Curves of regression of the Rosin-Rammler and Schuhman functions with experimental data 


  –  experimental points;   Rosin-Rammler regression curve (eq.2); − − − − Schuhman curve regression 
(eq.3) 
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CONCLUSIONS 
 
Knowing technological scheme of the units for milling for wheat for each 
technological phase can be established routes (circuits) of fractions of material resulting from 
roller mills, and of the package compartments of plane sifter or semolina purifier. 
Based on samples of material taken from the entrance and exit to each pair of 
cylinders can be determinate through the laboratory tests, the equivalent size average of the 
material, the reduction ratio in the passage, the specific surface of the material particles. 
By size distribution analysis of material samples, with helping of the sieve shaker, 
were determined particle size distributions of the material, through the experimental points 
drawn on graphs of fig.2. These were tested with characteristic equations Rosin-Rammler 
(eq.2) respectively Schuhman (eq.3), determining the coefficients and exponents of the 
regression equations and correlation coefficient R2 of the tested functions with experimental 
data. In all cases analyzed, the value of the correlation coefficient was R2 ≥ 0.980, for the 
Rosin-Rammler and R2 ≥ 0.945, for the Schuhman function. 
Data obtained from test and presented in the paper are very useful for the specialists in 
field of the milling industry to determine optimal grinding diagram in order to achieve a high 
degree of extraction of endosperm from the total seeds mass. 
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